Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



mi i minimi huh i 

(n) EP 1 712 924 A1 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 


(51) IntCI.: 


18.10.2006 Bulletin 2006/42 


G01R 31/36' 200B01 > 


(21) Application number: 05703907.5 


(86) International application number: 


PCT/JP2005/000679 


(22) Date of filing: 20.01 .2005 






(87) International publication number: 




WO 2005/071427 (04.08.2005 Gazette 2005/31) 


(84) Designated Contracting States: 


(72) Inventor: ARAI, Youichi 


DE FR GB IT 


c/o Yazaki Corporation 




Shizuoka 4101107 (JP) 


(30) Priority: 21.01.2004 JP 2004013363 






(74) Representative: Viering, Jentschura & Partner 


(71) Applicant: YAZAKI CORPORATION 


Steinsdorfstrasse 6 


Minato-ku, 


80538 Miinchen (DE) 


Tokyo 108-0073 (J P) 





< 

CM 
O) 
CM 



(54) BATTERY PURE RESISTANCE MEASURING METHOD AND APPARATUS 



(57) The present invention provides a method of 
measuring an intrinsic resistance of a battery at a low 
rate discharge and an apparatus of the same. A method 
of measuring an intrinsic resistance of a battery includes 
the steps of: measuring periodically a discharge current 
and a terminal voltage responding to the discharge cur- 
rent at a low rate discharge of the battery; determining a 
first approximate expression of the terminal voltage with 
respect to the increasing discharge current and a second 
approximate expression of the terminal voltage with re- 
spect to the decreasing discharge current based on the 
measured discharge current and terminal voltage; defin- 
ing a range of the intrinsic resistance based on the first 
and second approximate expressions; assuming a re- 
sistance in the range of the intrinsic resistance as a ten- 
tative intrinsic resistance; determining a tentative maxi- 
mum polarization time from the second approximate ex- 
pression and the tentative intrinsic resistance; and de- 
termining the intrinsic resistance from two relational ex- 
pressions including the intrinsic resistance, an intrinsic 
maximum polarization time and the tentative maximum 
polarization time. 
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Description 
Technical Field 

s [0001] The present invention relates to a method of measuring an intrinsic resistance of a battery which supplies 
electric power to loads of a vehicle, and an apparatus of the same. 

Related Art 

10 [0002] When an engine of a vehicle is started with a starter, an inrush current flows through the starter. The inrush 
current has a very high current with a short period of time compared with a steady current. 

[0003] The short period of time means that a polarization can be well correlated with a discharge current. The high 
current means that the polarization can be reliably determined with accuracy of voltage and current. In the case of a 
lead battery, the short period of time means at most 400msec and the inrush current is at least 3C. 
15 [0004] JP, 2003-1 1 5331 ,A discloses a method of measuring an intrinsic resistance of a battery at a high rate discharge 
of the inrush current. 

[0005] The method is explained by referring to FIGS. 6 and 7. As shown in FIG. 6A, when a high rate discharge starts, 
a concentration polarization increases until a discharge current reaches to a peak current l p . When the discharge current 
starts to decrease, the concentration polarization can not decrease concurrently due to late response. Accordingly, the 
20 concentration polarization continues to increase for a while and decrease. In the case of the high rate discharge with a 
short period of time, the concentration polarization becomes a maximum value at a time when the high rate discharge 
is terminated. 

[0006] High-rate sampling of the discharge current and a terminal voltage provides l-V characteristics as shown in 
FIG. 7. A difference e 0 of the terminal voltage between the start and end of the discharge is the maximum value of the 
25 concentration polarization. The concentration polarization at the peak current l p is determined by utilizing the maximum 
concentration polarization e 0 . The determined concentration polarization is subtracted from the l-V characteristic of the 
discharge current and terminal voltage so that l(the discharge current)-V(a voltage drop of the battery due to the intrinsic 
resistance and activation polarization) characteristic is determined. The intrinsic resistance is determined from the voltage 
drop characteristic by utilizing a difference of characteristics between the activation polarization and the intrinsic resist- 
so ance. 

[0007] The above method can determine the intrinsic resistance every time when the high rate discharge is generated. 
[0008] Under a circumstance of use of a battery, there is a case that a high rate discharge does not occur. A meas- 
urement of an intrinsic resistance at a low rate discharge, a current of at least 3C, is requested. 
[0009] The low rate discharge of the current of 1 C-3C induces a concentration polarization smaller than the case of 
as the high rate discharge and then the concentration polarization disappears faster when the discharge current decreases. 
Accordingly, as shown in FIG. 6B, the concentration polarization does not show the maximum at the termination of the 
discharge in contrast to the high rate discharge. 

[0010] Then, the measurement of the intrinsic resistance of the battery at the low rate discharge as described in JP, 
2003-1 15331, A does not give high measurement accuracy. 

40 

Disclosure of the Invention 

[0011] The present invention is to provide a method of measuring an intrinsic resistance of a battery at a low rate 
discharge and an apparatus of the same. 

45 [0012] According to a first aspect of the present invention, a method of measuring an intrinsic resistance of a battery 
includes the steps of: measuring periodically a discharge current and a terminal voltage responding to the discharge 
current at a low rate discharge of the battery; determining a first approximate expression of the terminal voltage with 
respect to the increasing discharge current and a second approximate expression of the terminal voltage with respect 
to the decreasing discharge current based on the measured discharge current and terminal voltage; defining a range of 

so the intrinsic resistance based on the first and second approximate expressions; assuming a resistance in the range of 
the intrinsic resistance as a tentative intrinsic resistance; determining a tentative maximum polarization time from the 
second approximate expression and the tentative intrinsic resistance; and determining the intrinsic resistance from two 
relational expressions including the intrinsic resistance, an intrinsic maximum polarization time and the tentative maximum 
polarization time. 

ss [0013] The method of measuring the intrinsic resistance of the battery includes the steps of: measuring periodically 
the discharge current and the terminal voltage responding to the discharge current at the low rate discharge of the 
battery; determining the first approximate expression of the terminal voltage with respect to the increasing discharge 
current and the second approximate expression of the terminal voltage with respect to the decreasing discharge current 
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based on the measured discharge current and terminal voltage; defining the range of the intrinsic resistance based on 
the first and second approximate expressions; assuming the resistance in the range of the intrinsic resistance as the 
tentative intrinsic resistance; determining the tentative maximum polarization time from the second approximate expres- 
sion and the tentative intrinsic resistance; determining the intrinsic resistance from two relational expressions including 
s the intrinsic resistance, the intrinsic maximum polarization time and the tentative maximum polarization time; and solving 
simultaneous equations of the two relational expressions to obtain the intrinsic resistance. 

[0014] The two relational expressions comprise: a first relational expression given by equating the intrinsic resistance 
to a formula of { (a period of time between a start of discharge and the intrinsic maximum polarization time)/(a period of 
time between the start of discharge and the tentative maximum polarization time)}x(a maximum value in the range of 

10 the intrinsic resistance) + {(a period of time between the intrinsic maximum polarization time and the tentative maximum 
polarization time)/(the period of time between the start of discharge and the tentative maximum polarization time)} x (a 
minimum value in the range of the intrinsic resistance); and a second relational expression given by equating the intrinsic 
resistance to a formula of a differential equation of the second approximate expression substituted the discharge current 
with acurrent of aformula of (a peakcurrent)x{(the period of time between the intrinsic and tentative maximum polarization 

15 times)/(a period of time between a peak current time and the tentative maximum polarization time). 

[001 5] The two relational expressions comprise: the first relational expression given by equating the intrinsic resistance 
to the formula of {(the period of time between the start of discharge and the intrinsic maximum polarization time)/(the 
period of time between the start of discharge and the tentative maximum polarization time)}x(the maximum value in the 
range of the intrinsic resistance) + { (the period of time between the intrinsic maximum polarization time and the tentative 

20 maximum polarization time)/(the period of time between the start of discharge and the tentative maximum polarization 
time)}x(the minimum value in the range of the intrinsic resistance); and the second relational expression given by 
equating the intrinsic resistance to the formula of the differential equation of the second approximate expression sub- 
stituted the discharge current with the current of the formula of (the peak current) x{(the period of time between the 
intrinsic and tentative maximum polarization times)/(the period of time between the peak current time and the tentative 

25 maximum polarization time). Accordingly, the intrinsic resistance is accurately obtained. 

[0016] The method further includes the steps of: differentiating the first approximate expression with respect to the 
discharge current to obtain a first amount of change; differentiating the second approximate expression with respect to 
the discharge current to obtain a second amount of change; and defining the range of the intrinsic resistance between 
(the first amount of change + the second amount of change)/2 and (the second amount of change) at the peak current. 

30 [001 7] Accordingly, the range of the intrinsic resistance is further defined. 

[001 8] Preferably, the center value of the range of the intrinsic resistance is the tentative intrinsic resistance. 
[0019] Accordingly, the difference between the intrinsic resistance and tentative intrinsic resistance becomes small. 
[0020] An apparatus for measuring an intrinsic resistance of a battery includes: a current sensor for measuring a 
discharge current of a battery at a low rate discharge; a voltage sensor for measuring a terminal voltage of the battery 

35 responding to the discharge current; an interface circuit for converting the measured voltage from analog to digital; and 
a microcomputer having a CPU, a RAM and a ROM, wherein the CPU receives data of the measured current and voltage 
from the interface circuit; calculates a first approximate expression of the terminal voltage with respect to the increasing 
discharge current and a second approximate expression of the terminal voltage with respect to the decreasing discharge 
current from the measured discharge current and terminal voltage; defines a range of the intrinsic resistance from the 

40 first and second approximate expressions; assumes a resistance in the range of the intrinsic resistance as a tentative 
intrinsic resistance; determines a tentative maximum polarization time from the second expression and the tentative 
intrinsic resistance; and determines the intrinsic resistance from two relational expressions including the intrinsic resist- 
ance, an intrinsic maximum polarization time and the tentative maximum polarization time. 

[0021] The apparatus for measuring the intrinsic resistance of the battery includes: the current sensor for measuring 
45 the discharge current of the battery at the low rate discharge; the voltage sensor for measuring the terminal voltage of 
the battery responding to the discharge current; the interface circuit for converting the measured voltage from analog to 
digital; and the microcomputer having the CPU, RAM and ROM, wherein the CPU receives data of the measured current 
and voltage from the interface circuit; calculates the first approximate expression of the terminal voltage with respect to 
the increasing discharge current and the second approximate expression of the terminal voltage with respect to the 
so decreasing discharge current from the measured discharge current and terminal voltage; defines the range of the intrinsic 
resistance from the first and second approximate expressions; assumes the resistance in the range of the intrinsic 
resistance as the tentative intrinsic resistance; determines the tentative maximum polarization time from the second 
expression and the tentative intrinsic resistance; determines the intrinsic resistance from two relational expressions 
including the intrinsic resistance, the intrinsic maximum polarization time and the tentative maximum polarization time; 
ss and solves the two simultaneous relational expressions to obtain the intrinsic resistance. 
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Brief Description of the Drawings 
[0022] 

FIG. 1 is a block diagram of a configuration of an in-vehicle unit for measuring an intrinsic resistance of a battery of 
the present invention; 

FIG. 2 is a flowchart showing a processing order of a CPU 23a of the in-vehicle unit of FIG. 1 ; 

FIG. 3 shows a current increasing curve and current decreasing curve L 2 at a low rate discharge; 

FIG. 4 shows a relation between tangential angles a, p and a tentative intrinsic resistance R t ; 

FIG. 5 shows polarization curves L 5 and L 6 for the tentative and intrinsic resistances R t and R, respectively, of V p -t 

characteristic, where V p is polarization and t is a discharge time; 

FIG. 6A is V po |(concentration polarization)-t(discharge time) characteristic at a high rate discharge; 
FIG. 6B is V p0 |-t characteristic at the low rate discharge; and 

FIG. 7 is l(discharge current)-V(terminal voltage) characteristic at the high rate discharge. 
Best Mode for Carrying out the Invention 

[0023] FIGS. 1 and 2 show an apparatus of measuring an intrinsic resistance of a battery of the present invention. A 
method of the measurement is explained by referring to FIGS. 3-5. 

[0024] A low rate discharge discharges a low discharge current (about 1C-3C) for a short period of time for a hour 
rate capacity of the battery. At the low rate discharge, the discharge current increases monotonically from zero to a peak 
value and decreases in a short period of time and reaches to a steady value corresponding to a load. In the low rate 
discharge, a concentration polarization reaches to a maximum value prior to the termination of the discharge as shown 
in FIG. 6B. 

[0025] The discharge current and terminal voltage of the battery are measured every a certain period of time at the 
low rate discharge with increasing and decreasing discharge currents. The measured pairs of the discharge currents I 
and terminal voltages V are fitted into quadratic approximate expressions of 



V=a 1 I 2 +b 1 I+c 1 (a current increasing curve) Eq. 1 



and 



V=a 2 I 2 +b 2 I+c 2 (a current decreasing curve) Eq. 2. 

Eqs. 1 and 2 are denoted as a first approximate expression and second approximate expression, respectively. In FIG. 
3, L1 and L2 show the current increasing and decreasing curves, respectively. 

[0026] Eqs. 1 and 2 are differentiated and a peak current l p is substituted in the differentiated equations to obtain a 
change of the terminal voltage per unit discharge current at l p and a change of an internal resistance (intrinsic resist- 
ance+concentration polarization resistance+activation polarization resistance) at l p . The change of resistance at the 
increasing and decreasing currents are expressed with 



R 1 =2a 1 I p +b 1 Eq. (3) 

and 



R 2 =2a 2 I p +b 2 Eq. (4) , 

respectively. The and R 2 are denoted as a first amount of change and a second amount of change at the peak current 
l p , respectively. 

[0027] The R 1 and R 2 are angles of tangential lines L 3 and L 4 of the first and second approximate expressions L 1 and 
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L 2 at the peak current l p . The relation between R t , R 2 and the intrinsic resistance R is explained. 
[0028] The intrinsic resistance R is not related with chemical reactions and is constant unless the state of charge 
(SOC) and the temperature of the battery change. Then, the intrinsic resistance R is assumed to be constant at the low 
rate discharge so that the voltage drop Rl due to the intrinsic resistance R is expressed by a dash-dotted line Rl of FIG. 3. 
[0029] The polarization (activation + concentration) increases with increase of the discharge current I and then the 
current increasing curve L 1 deviates downwardly from the voltage drop Rl. Then, the angle R 1 of the tangential line Lg 
at l p of the curve L 1 is larger than the slope of Rl, that is R^R. 

[0030] The response of the above polarization is slow so that it still increases for a while and then decreases with 
decrease of the discharge current I. Accordingly, the current decreasing curve L 2 further deviates from the voltage drop 
Rl and approaches to the potential drop Rl. 

[0031] The current decreasing curve L 2 departs further from the voltage drop Rl so that the angle R 2 of the tangential 
line L 4 of the current decreasing curve L 2 at the peak current l p is smallerthan that of the voltage drop Rl, that means R 2 <R. 
[0032] As shown in FIG. 6B, at the low rate discharge, the polarization increases after the discharge current decreases 
but the increasing amount is small compared with the amount that the increasing discharge current generates. Hence, 
the difference of the angle of the tangential lines between R^R is larger than that between R-R 2 , namely R r R>R-R 2 . 
Then, a range of the intrinsic resistance is defined by 



{ (Ri+Rj,) / 2}>R>R 2 Eq . 5 . 

Hereafter, it is denoted (R 1 +R 2 )/2=a, R 2 =p\ 

[0033] The intrinsic resistance R can also be in the range of R 1 >R>R 2 . The narrower range of the intrinsic resistance 
R of Eq. 5 provides a more accurate value. 

[0034] Suppose that the intrinsic resistance R is the center value of a and f5, the value (a tentative intrinsic resistance) 
becomes 

Rt= (Ofp) /2= (R X +3R 2 ) /4 Eq. 6. 

As shown in FIG. 4, the tentative intrinsic resistance R t is in the middle value of the angles of a and p. 

[0035] The tentative intrinsic resistance R t may not be in the center between a and (J. It is assumed that the center 

value provides a more accurate intrinsic resistance of the battery. 

[0036] The polarization shows the maximum value when the discharge current decreases. The subtraction of the 
voltage drop R t l of the tentative intrinsic resistance R t from the current decreasing curve L 2 gives a voltage drop V p 
originating from only the polarization as given by 



V p = (a 2 I 2 +b 2 I + c 2 ) -R t I=a 2 I 2 +{b 2 - (R! + 3R 2 ) /4 } I + c 2 Eq. 7. 
[0037] Differentiating Eq. 7 with the discharge current I becomes the equation, 



dV p /dI = 2a 2 I+{b 2 - (R. + 3R 2 ) /4} . 

Equating the differential equation to zero gives a tentative discharge current l maxt at which the polarization of the internal 
resistance excluding the tentative intrinsic resistance R, becomes the maximum value. The equations are given by 



232 1^+ {b 2 - (R X +3R 2 ) /4}=0 

and 
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I m£xt ={b 2 - (R^Rj) /4}/2a 2 Eq. 8. 



s [0038] A relation between a discharge time t and the intrinsic resistance R t is explained below. FIG. 5 is a graph of 
the discharge time t and the polarization V p at the low rate discharge. In FIG. 5, t-| denotes a period of time between the 
start and the peak current l p of the discharge current and tg denotes a period of time between the peak current l p and 
the termination of the discharge current. 

[0039] A polarization curve L 5 shows a relation between the polarization V p and the discharge current t for the tentative 
10 intrinsic resistance Ft t and the polarization curve L 6 shows a relation between the polarization V p and the discharge time 
t for the intrinsic resistance R. 

[0040] In FIG. 5, t 2 , denotes a period of time between the peak current l p and the tentative maximum polarization time 
of the tentative intrinsic resistance R t of the discharge time t. The t 2 , is determined from the measured pair of data and 
l maxt of Eq. 8. A y denotes a period of time between the peak current l p and an intrinsic maximum polarization time of 
15 the discharge time. 

[0041] The intrinsic resistance R approaches to a as (t,+Y) further occupies the period of time (t-,+-t 2 ,) and approaches 
to p as (t 2 ,-y) further occupies the period of time (t,+t 2 ,). The intrinsic resistance R is given by 



R={ (t^Y) / (tj+t^) }<X+{ (t 2 ,-Y) /(ti+tj.) }P Eq. 9. 



Eq. 9 is referred to a first relational expression. 

[0042] The change of the current decreasing curve with respect to the discharge current is given by the equation 



dV/dn>2a 2 I-t-b 2 Eq. 10. 



30 The change of the polarization becomes zero at the maximum polarization and the change of the current decreasing 
curve L 2 becomes equal to the intrinsic resistance R. When l ma)< is assumed to be a current having the maximum 
polarization and is substituted in Eq. 10, the result gives the intrinsic resistance R as a formula 



2a 2 I iaax +b 2 =R. 



[0043] The l max approaches to l p as the time y becomes small in the period of the time t 2 ,. Then l max is given by 

40 

I max =I p (t 2 .-Y) /t 2 , Eq. 11. 



Substitution of Eq. 1 1 to the formula 2a 2 l max +b 2 =R gives a formula 

45 

R=2a 2 I p { (tj.-Y) /t 2 . }+b 2 Eq. 12. 

so Eq. 12 is referred to a second relational expression. 

[0044] Unknowns in Eqs. 9 and 12 are the intrinsic resistance R and y. Then, the solutions of the simultaneous Eqs. 

9 and 12 give the value of R and y. Accordingly, the intrinsic resistance is obtained even at the low rate discharge. 

[0045] The intrinsic resistance of the battery is measured with a configuration schematically shown in FIG. 1 . 

[0046] FIG. 1 shows a block diagram of the configuration of an in-vehicle unit 1 for the intrinsic resistance measurement 
55 of the battery of the present invention. The in-vehicle unit 1 is mounted to a hybrid vehicle having an engine 3 and a 

motor generator5. 

[0047] In the hybrid vehicle, wheels 1 1 are driven by the engine 3 through a drive shaft 7 and a differential case 9 at 
a normal operation. At a high load operation, the motor generator 5 functions as a motor, which is power supplied with 



6 
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a battery 1 3, and assists to the drive shaft 7 connected to the differential case 9 and wheels 1 1 . 

[0048] The motor generator 5 functions as a generator when the hybrid vehicle decelerates or is braked so as to 

charge the battery 13 by transforming kinetic energy to electric energy. 

[0049] The in-vehicle unit 1 of the embodiment of the present invention includes a current sensor 1 5 for detecting a 
discharge current I of the battery 13 and a voltage sensor 17 having an infinite resistance and connected in parallel with 
the battery 1 3 for detecting a terminal voltage V of the battery 1 3. 

[0050] The in-vehicle unit 1 includes a interface circuit 21, hereafter denoted as l/F, for A/D transformation and a 
microcomputer 23. The outputs of the current and voltage sensors 1 5, 1 7 are input to the microcomputer 23 through the 
l/F 21. 

[0051] The microcomputer 23 has a central processing unit (CPU) 23a for processing programs, a ROM 23c for storing 
the programs processed by the CPU 23a, and a RAM 23b having a working area for processing the programs with the 
CPU 23a and a storing area for storing several data. 

[0052] FIG. 2 shows a flowchart of processing the programs with the CPU 23a for the above described in-vehicle unit 
1 . When the battery 13 starts a low rate discharge, the discharge current I and the terminal voltage V are measured with 
the current sensor 15 and the voltage sensor 17 and the CPU 23a receives the pair of the current-voltage data for 
calculating the intrinsic resistance of the battery 13. At step S1, the l-V characteristic with increase of the discharge 
current is obtained and a quadratic approximate expression of the current increasing curve L 1 of Eq. 1 is determined 
with least-square method. 

[0053] At step S2 , the CPU 23a receives the l-V data when the current decreases and determines a quadratic 
approximate expression of the current decreasing curve L 2 of Eq. 2 with least-square method. The current sensor 15, 
voltage sensor 17 and CPU 23a form a measuring means. The CPU 23a calculates the approximate expressions. 
[0054] At steps S3 and S4, the CPU 23a determines the tangential angles R 1 (=2a 1 l p +b 1 , Eq. 3) and R 2 (=2a 2 l p +b 2 , 
Eq. 4) of the current increasing and decreasing curves L, and L 2 at the peak current l p . 

[0055] At step S5, the CPU 23a determines the range of the intrinsic resistance R, [{(R 1 +R 2 )/2]>R>R 2 ], from the values 
of R-i and R 2 . At step S6, the CPU 23a determines the center value in the range of the intrinsic resistance as a tentative 
intrinsic resistance R t =(R 1 +3R 2 )/4. At step S7, the CPU 23a assumes the tentative intrinsic resistance R t as the intrinsic 
resistance R and determines a tentative discharge current l maxt of the tentative maximum polarization time. 
[0056] At steps S8, S9 and S10, the CPU 23a determines the unknown y and the intrinsic resistance R by solving the 
simultaneous Eqs. 9 and 12. Accordingly, the CPU 23a has means for determining the intrinsic resistance. 
[0057] Solving the simultaneous Eqs. 9 and 1 2 determines the intrinsic resistance of the battery at the low rate discharge 
in which the maximum polarization is not clearly known. 

Industrial Applicability 

[0058] According to the inventions of claims 1 and 5, a first and second relational expressions, which include unknowns 
of an intrinsic resistance and intrinsic maximum polarization time and a known of a tentative maximum polarization time, 
are solved to obtain the intrinsic resistance. The present invention provides a method of measuring the intrinsic resistance 
of a battery at a low rate discharge which does not clearly define a maximum polarization time, and an apparatus of the 
same. 

[0059] According to the invention of claim 2, the method provides accurately the intrinsic resistance from the first and 
second relational expressions. 

[0060] According to the invention of claim 3, the method defines the range of the intrinsic resistance so that the intrinsic 
resistance of the battery is determined accurately. 

[0061] According to the invention of claim 4, the method defines the center value of the range of the intrinsic resistance 
as the tentative intrinsic resistance to minimize a difference between the intrinsic and tentative resistances so that the 
intrinsic resistance of the battery is determined accurately. 



Claims 

1 . A method of measuring an intrinsic resistance of a battery comprising the steps of: 

measuring periodically a discharge current and a terminal voltage responding to the discharge current at a low 
rate discharge of the battery; 

determining a first approximate expression of the terminal voltage with respect to the increasing discharge 
current and a second approximate expression of the terminal voltage with respect to the decreasing discharge 
current based on the measured discharge current and terminal voltage; 

defining a range of the intrinsic resistance based on the first and second approximate expressions; 
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assuming a resistance in the range of the intrinsic resistance as a tentative intrinsic resistance; 

determining a tentative maximum polarization time from the second approximate expression and the tentative 

intrinsic resistance; and 

determining the intrinsic resistance from two relational expressions including the intrinsic resistance, an intrinsic 
maximum polarization time and the tentative maximum polarization time. 

2. The method as claimed in claim 1 , wherein said two relational expressions comprise: 

afirst relational expression given by equating the intrinsic resistance to aformula of { (a period of time between 
a start of discharge and the intrinsic maximum polarization time) / (a period of time between the start of discharge 
and the tentative maximum polarization time)}x(a maximum value in the range of the intrinsic resistance) +{(a 
period of time between the intrinsic maximum polarization time and the tentative maximum polarization time)/ 
(the period of time between the start of discharge and the tentative maximum polarization time)}x(a minimum 
value in the range of the intrinsic resistance); and 

a second relational expression given by equating the intrinsic resistance to a formula of a differential equation 
of the second approximate expression substituted the discharge current with a current of a formula of (a peak 
current) x{ (the period of time between the intrinsic and tentative maximum polarization times)/(a period of time 
between a peak current time and the tentative maximum polarization time). 

3. The method as claimed in claim 1 or 2, further comprising the steps of: 

differentiating the first approximate expression with respect to the discharge current to obtain a first amount of 
change; 

differentiating the second approximate expression with respect to the discharge current to obtain a second 
amount of change; and 

defining the range of the intrinsic resistance between (thefirst amount of change + the second amount of change) 
12 and (the second amount of change) at the peak current. 

4. The method as claimed in any one of claims 1 -3, wherein the center value of the range of the intrinsic resistance is 
the tentative intrinsic resistance. 

5. An apparatus for measuring an intrinsic resistance of a battery comprising: 

a current sensor for measuring a discharge current of a battery at a low rate discharge; 

a voltage sensor for measuring a terminal voltage of the battery responding to the discharge current; 

an interface circuit for converting the measured voltage from analog to digital; and 

a microcomputer having a CPU, a RAM and a ROM, 

wherein the CPU 

receives data of the measured current and voltage from the interface circuit; 

calculates afirst approximate expression of the terminal voltage with respect to the increasing discharge current 
and a second approximate expression of the terminal voltage with respect to the decreasing discharge current 
from the measured discharge current and terminal voltage; 

defines a range of the intrinsic resistance from the first and second approximate expressions; 
assumes a resistance in the range of the intrinsic resistance as a tentative intrinsic resistance; 
determines a tentative maximum polarization time from the second expression and the tentative intrinsic resist- 
ance; and 

determines the intrinsic resistance from two relational expressions including the intrinsic resistance, an intrinsic 
maximum polarization time and the tentative maximum polarization time. 
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PROCESS FOR MEASURING 
INTRINSIC RESISTANCE 



_ 



ACQUIRE I-V CHARACTERISTIC 
OF INCREASING DISCHARGE 
CURRENT & CALCULATE CURRENT 
INCREASING CURVE L 1 



ACQUIRE I-V CHARACTERISTIC 
OF DECREASING DISCHARGE 
CURRENT & CALCULATE CURRENT 
INCREASING CURVE L 2 



Ri = 2 a 1 I P +b 1 



Rz=2 a 2 I p+ b 2 



>R>R 2 



R t = (Ri + 3 R 2 ) /4 



I ma x t = (b 2 ~ 


Rt) 2 a 2 ] 




t i + r 


1 2 --r 


r= cm 


P 


t 1+ t 2' 


t 1+ t 2 ' 



R=2 a 2 I pX - 



-+b 2 
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S3 
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END 
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